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Example (1.1) 

Show that the following equation is dimensionally correct? X = n 0 1 + Vi a t 2 
LHS = [L] 

RHS = [LT - 1 ] * [T] + [LT 2 ] * [T] 2 = [L] RHS = LHS aSM 

Example (1.2) 

Suppose you wish to derive a formula for the distance x traveled by a car in a time of t if the 
car starts from rest and moves with constant acceleration a. Check the validity of this expression x = 

Vi a t 2 . 

LHS = [L] 

RHS = [LT“ 2 ] * [T] 2 = [L] 

The equation is dimensionally correct. 

Example (1.3) 

Show that the expression 1) = D 0 + a t is dimensionally correct ? 

LHS = [LT -1 ] 

RHS = [LT “'] + [LT ~ 2 ] [T] = [LT _1 ] 

The equation is dimensionally correct 

Example (1.4) 

Suppose we are told that the acceleration a of a particle moving in a circle of radius r with uniform 
velocity 1) is proportional to some power of f, say f", and some power of 1), say l) m . How can we 
determine the powers off and 1) ? 

a = kr n D m 

LHS = [LT“ 2 ] 

[L] [T “ 2 ] = [L] n [LT - 1 ] m = [L] n+m [T]“ m 

For [T ]; m = 2 

For [L]; n + m = 1 n = — 1 



Example (1.5) 
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The period (T) of a simple pendulum is the time for one complete swing. How 
does (T) depends on the mass (m) of the bob, the length (L) of the string and 
gravitational (g)? 

T = (constant) m a L b g c 

[M]°[L]°[T] = [M] a [L] b [LT “ 2 ] c = [M] a [L] b+C [t ]' 2c 



For [M]; 
For [T]; 
For [L]; 



a = 0 
1 = 2c 
0 = b + c 



c = -1/2 
b = 1/2 



T = (constant) L /2 g /2 = (constant) — 

Example(1.9) 

o 

The speed of a particle varies in time according to u = A t - B t . What are the 
dimensions of A and B? 

u = A t — B t 3 (u^ cA (jls A AlNaJI (jl ^l*-a) 

[LT '] = [A][T] - [B][T] 3 
[L][T '] = [A] [T] - [B][T] 3 
So, [L][T '] = [A][T] 

And, [L][T '] = [B][T] 3 



[A] = [LT 2 ] 



[B] = [LT 4 ] 

Example(I.IO) 

According to Newton’s second law of motion, the force F acting on a particle is 
related to its mass m and acceleration a, according to F = m a. According to Newton’s 
law of gravitation there is an attractive force between particles given by: F 

= G m[ m 2 / r 2 , where r is the distance between the particles. What are the dimensions of 
G? 



F = G tri] m 2 / r 
[M L T 2 ] = [G] 

[G] = [L] [M 1 ] [T 2 ] 



[M L T 2 ] = [G] [M] [M] / [L 2 ] = [G] [M 2 ] [L 2 ] 



Also; 



The unit of G is m 3 /Kg.s 2 
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Chapter (2) 
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Example (2.1) 

The bar shown has a square cross section jlaia) for which the depth and thickness 
are 40 mm. If an axial force of 800 N is applied along the centroidal axis of the bar’s cross 
sectional area, determine the average normal stress acting on the bar? ( ^ jit dy* 



Answer 

0 F 800 

Stress is cr = — = — - 

A (40*10 ) 



800 N 



= 500* 10 3 Pa 



800 N 

► 



Example (2.2) 

A 80 Kg mass is hung (c-ALp) on a steel wire having l8m long and 3mm diameter. What is the 

elongation of the wire, knowing Young's modulus for steel is 21 x 10 10 N/m 2 ? (jvS oJjJLc giS A* 4JLS 
aJ$lo ,_s^9 iJuaJI jl Jl&aIo jxo\ OjJnd g jjuo 1 A aJ$k> JULuj 

Answer 



m—80 kg 

2r—3 mm— 0.003m 



L 0 — 18 m 

r— 0.001 5m 



Y- 21 x 10 w N/m 




Exemple (2.3) 
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A piece of copper originally 305 mm long is pulled in tension with a stress of 
276 MPa. If the deformation is entirely elastic, what will be the resultant elongation? 
Answer 

modulus 



A L = 



Young's 
(. F/A)L aL 



is 



given 



by 



Y = 



F/A 



then 



A L/L 



(276.V 10 6 )(3Q5jc 10 3 ) 
(lbclO 11 ) 



= 0.76x 10 m 



Y Y 

Example (2.4) 

A person carries a 21 kg suitcase in one hand. Assuming the humerus bone ( <4axll )supports 
the entire weight(Ojj), determine how much it stretch es(iJlia=-Ah). Assume the humerus is 33 cm 
in length and has an effective cross-sectional area of 5-2 x 10 4 m 2 . where Y=1.6xl0 lo N/m 2 

Answer 



Young’s modulus is 



Y 



F/A 
A L/L 



AL = 



(21)(9.8)(0.33) 



FL mgL 
YA~ Y A ~ (1.6a 10 10 )(5.2a 10“ 4 ) 



= 8.17a 1(T 6 m 



Exemple (2.5) 

A telephone wire 120 m long and 2.2 mm in diameter is stretched by a force of 
380 N. What is the longitudinal stress? If the length after stretching is 120.10 m, what is 

the longitudinal strain? Determine Young’s modulus for the wire? 

Answer 

A = 7i r 2 = 3.14 * (1.1*10' 3 ) 2 = 3.8 * 10' 6 m 2 



= 100 *10 6 N/m 2 = 100 MPa 



_ .F _ 380 

° ~ A ~ 3.8*10~ 6 
AL = 120.1-120 =0.1 m 

e = — = — =8.33*10 4 
L 0 120 

Y = 2 = 1QQ * 1Q = 12*10 10 N/m 2 = 12*10 4 MPa 
s 8.33 * 10 4 



Exemple (2.7) 

A load of 102 kg is supported by a wire of length 2 m and cross sectional area 0.1 cm 2 . The 
wire is stretched by 0.22 cm . Find the tensile stress, tensile strain, and Young’s modulus of the wire ? 

m = 102 kg L = 2 m A = 0.1 cm 2 AL = 0.22 cm 

in i no ^ a q 

Tensile Stress (a) = — = ^ ' = 999.6 * 10 5 N/m 2 

A A 0.1*10 4 



- Chapter(lA) - 



Tensile Strain (s) = — = — = 11 *10 4 



L 2*100 



a 999.6 * 10 5 



Young's modulus (Y) = — = 

s 11 * 10 



-4 



= 90.87 * 10 9 N/m 2 



Exemple (2.8) 

A structure steel rod has a radius R of 9-5 mm and a length L of 8l cm. A force F of 6.2 * 10 4 
N stretches it axially. (E steel = 2 * 10 11 N/m 2 ) 

(a) What is the stress in the rod ? 

(b) What is the elongation of the rod under this load ? 

(c) What is the strain? 

Radius = 9-5 mm L = 8l cm F = 6.2 * 10 4 N 



Tensile Stress (a) = 



F F 



6 . 2 * 10 4 



cr 

Y 



A 


Tir 2 


7i (9.5*10 3 ) 2 


AL 










; E = 


L 0 








2.19 


* 10 s 


*L 




,, *81*10- 


0 


2* 


10 11 


cr 


2.19* 


10 8 






= 1.1 * 10 


Y 


2 * 10" 



= 2. 19* 10 s N/m 2 



cr 

£ 



->-4 



Example (2.9) 

A horizontal force (*-&> »X) of 1.2 N is applied to the top of a stack of pancakes i> ^_A)l3 cm 

in diameter(>s) and 9 cm high(£Wy). The result is a 2.5 cm shear. Find the shear modulus. 

Answer 



Shear Modulus (S) =(F/A)/0= (F/A)/(A x/h) 
F h F h (1.2)(0.09) 



S = 



A Ax nr 2 Ax tt(0.13/ 2) 2 (0.025) 



N/m 2 



Exemple (2.12) 

A wire of length 120cm and diameter 0.82mm, supported from one end, A 
5.3kg in the other end . Find : 

a) The stress in the wire 

b) The strain in the wire 



- Chapter/ 1-°) 




Example (3.5) 

In a car lift used in a service station, compressed air exerts a force on a small 
pis ton ) that has a circular cross section and a radius of 5.00cm. This pressure 

is transmitted by a liquid to a piston that has a radius of 15.0cm. What force must 
the compressed air exert to lift a car weighing 13,300N? What air pressure produces 
this force? 




\ ition 



Using the Pascal’s principle, 

^ (1.33x 10 4 ) = 1.48x 10 3 iV 

A 2 - ;r(0.15) 

The necessary pressure of the compressed air is 



1 - 48 .x 10 = 1 . 88 jclQ 5 jV j m 2 
Aj n(0.05) 2 

Example (3.6) 

What fraction of the total volume of an iceberg is exposed? The density of ice is Q ic 
— 0.92 gm/cm 3 and that of sea water is Q water — 1.03 gm/cm 3 . 

JslouoJI oLuo gJUl ,jjo cl^JU >aoJI cjjJI <_juuuo-| 



_ S olution - 

Weight of ice is Wi ce = Pi ce Vi ce g the buoyant force of water is B = p wa ter V water g 

Pwater V wa t er § Pice Vice § Pwater V wa t er Pice V; ce 

V wat er/ V lce = p ice / pwater = 0.92/1.03 = 89% 

The volume of ice exposed in air is 100%-89% = 11% 



=enxlf' m/Mmrru== 
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